Measurement of the Dynamic Shape Factor Using APM and SMPS in Parallel  by Hillemann, Lars et al.
 Procedia Engineering  102 ( 2015 )  1177 – 1182 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Selection and peer-review under responsibility of Chinese Society of Particuology, Institute of Process Engineering, Chinese Academy of Sciences (CAS)
doi: 10.1016/j.proeng.2015.01.243 
ScienceDirect
The 7th World Congress on Particle Technology (WCPT7) 
Measurement of the Dynamic Shape Factor using APM and SMPS 
in parallel 
Lars Hillemanna*, Frank Babicka, Michael Stintza 
aResearch Group Mechanical Process Engineering, Institute of Process Engineering and Environmental Technology, Technische Universität 
Dresden,01062 Dresden, Germany  
Abstract 
A method was developed to determine the dynamic shape factor of airborne particles as an integral parameter of the whole 
aerosol population from only one measurement using an Aerosol Particle Mass Analyzer and a Scanning Mobility Particle Sizer 
in parallel connection. The method was employed experimentally to determine the dynamic shape factor of test aerosols 
generated by chemical vapor synthesis. A sintering furnace was used to modify the shape of the particles from fractal-like 
aggregates to spheres as a result of coalescence. 
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1. Introduction 
The dynamic shape factor of airborne particles – or equivalently their effective density – can be determined by a 
combination of different measurement techniques. One way is the measurement of the aerodynamic diameter of 
particles classified according to their electrical mobility [1]. A second possibility is the parallel measurement of the 
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aerodynamic diameter of particles using an Aerodynamic Particle Sizer (APS) and the electrical mobility diameter 
using a Scanning Mobility Particle Sizer (SMPS) [2, 3, 4].  
The introduction of the Aerosol Particle Mass Analyzer (APM) provided new possibilities to analyze particle 
properties beyond equivalent particle size. The APM classifies particles according to their ratio of mass to electrical 
charge, called specific mass [5, 6, 7, 8]. 
Conventionally the APM is placed downstream a Differential Mobility Analyzer (DMA), which provides the 
specific mass for each particle fraction having a defined electrical mobility specified by the settings of the DMA. 
Assuming all particles downstream the DMA carry only a single charge, one can determine the dynamic shape 
factor of the particle fraction from these data. This method has been evaluated for test aerosols [9, 10], ambient 
aerosols [9, 11] and process aerosols [12, 13, 14]. 
The objective of the present study is to examine, if from the parallel characterization of an aerosol by APM and 
SMPS, an integral or mean dynamic shape factor of the whole aerosol population can be obtained. 
 
Nomenclature 
ߣ classifier performance parameter (APM) 
ߩ particle density 
߯ dynamic shape factor 
ܥ௖ Cunnigham correction factor 
݀௠௢௕  mean electrical mobility diameter 
݀௩௘ mean equivalent volume diameter 
݉ mean particle mass 
 
2. Experimental 
The employed measurement set-up is shown in Fig. 1. Test aerosols were generated using a chemical vapor 
synthesis system (CVS). It consists of a bubbler to load a nitrogen flow with precursor (Tetraethyl orthosilicate) and 
a CVS-reactor heating the aerosol to 1000 °C [15]. This set-up generates particles with a fractal-like structure and a 
mean electrical mobility diameter between 100 and 300 nm. To modify the shape of the particles, the aerosol was 
heated to temperatures between 1000 °C and 1500 °C in a sintering furnace downstream the CVS-reactor. With 
increasing temperature the primary particles of the aggregates melted on and coalesced. In the subsequent dilution 
tunnel the aerosol was cooled down, diluted and fed to the sampling lines of DMA (TSI 3081) and APM (Kanomax 
3601). 
 
 
Fig. 1. Measurement set-up for determination of the dynamic shape factor of test aerosol particles generated by a CVS-system 
DMA and APM were connected in parallel. The DMA was operated in combination with a CPC (TSI 3775) as an 
SMPS to measure the number size distribution of the electrical mobility diameter. In a similar way the APM served 
in combination with a second CPC (TSI 3022) as classifier and was operated in stepping mode to measure the 
penetration of the APM as a function of the particle mass. From this data the mean mass ݉ of the aerosol particles 
and the equivalent volume diameter ݀௩௘  were calculated by employing Eq. 1. The density of the particles was 
assumed to be ߩ ൌ ʹǤʹ ݃ ܿ݉ଷΤ . 
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Similarly, the mean electrical mobility diameter ݀௠௢௕  was calculated from SMPS-data. From both diameters the 
dynamic shape factor ߯ was determined by employing Eq. 2 assuming particles without internal void spaces in the 
transition regime [3]. 
 
 ߯ ൌ ݀௠௢௕݀௩௘
ڄ ܥ௖ሺ݀௩௘ሻܥ௖ሺ݀௠௢௕ሻ
 (2) 
 
The method was examined using three different test aerosols. The settings of the experimental set-up to generate 
these test aerosols are listed in Table 1. The APM was operated with a classifier performance parameter ߣ ൌ ͲǤͷ [7]. 
The SMPS was operated with a measuring range between 14 nm and 723 nm. 
Table 1. Settings of the experimental set-up 
Test aerosol 1 2 3 
Flow (air) [l/min] 0.5 0.4 0.1 
Flow (N2) [l/min] 0.1 0.2 0.5 
Flow (dilution tunnel) [l/min] 260 180  259 
Mean electrical mobility 
diameter [nm]1 127 214 307 
APM rotation speed [min-1] 9597 6105 4384 
APM voltage range [V] 10 – 300 10 – 600 10 – 1000 
1test aerosol under initial conditions upstream the sintering furnace 
 
The temperature of the sintering furnace was adjusted in steps of 25 K from 1000 to 1500°C. Fig. 2 shows the 
particle size distribution of test aerosol 1 measured by the SMPS for selected temperatures of the sintering furnace.  
Corresponding to this data in Fig. 3 the concentration ratio between the inlet and the outlet of the APM is plotted for 
this test aerosol. 
 
1180   Lars Hillemann et al. /  Procedia Engineering  102 ( 2015 )  1177 – 1182 
 
Fig. 2. Number weighted particle size distribution of test aerosol 1 
measured with SMPS as a function of the temperature of the sintering 
furnace 
 
Fig. 3. Concentration ratio between inlet and outlet of the APM as a 
function of the temperature of the sintering furnace 
From the data exemplified for test aerosol 1 in Fig. 2 and Fig. 3 the dynamic shape factor was calculated 
employing Eq. 1 and 2. In order to verify the results, samples of test aerosol 1 were drawn downstream the sintering 
furnace for subsequent SEM-analysis. 
3. Results 
Fig. 4 shows the obtained dynamic shape factor of the particles of the employed test aerosols for temperatures of 
the sintering furnace between 1000°C and 1500°C. Obviously, the dynamic shape factor at high temperatures is 
found to be unity, because the particles are coalesced into spheres completely. With decreasing temperature the 
dynamic shape factor increases up to values between 2.3 and 2.6 depending on the median particle size of the 
aerosol size spectrum before the sintering furnace. These values agree very well to data measured by other groups 
[14]. 
 
 
Fig. 4. Dynamic shape factor determined for three test aerosols generated with the measurement set-up in Fig. 1 versus the temperature of the 
sintering furnace 
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Fig. 4 suggests a modification of the shape of the test aerosol particles at temperatures of the sintering furnace 
between 1200 °C and 1300 °C. For this temperature range the SEM images of particles of test aerosol 1 sampled 
with an electrostatic precipitator connected downstream the sintering furnace are shown in Fig. 5 b – f. Additionally, 
Fig. 5 a shows aerosol particles under initial conditions (1000 °C). 
 
  
a) 1000 °C b) 1200 °C 
  
c) 1225 °C d) 1250 °C 
  
e) 1275 °C f) 1300 °C 
Fig. 5. SEM images of the aerosol particles sampled downstream the sintering furnace for selected temperatures of the sintering furnace 
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4. Conclusion 
The presented study demonstrates that with the parallel characterization of an aerosol with an SMPS and similar 
system employing an APM as classifier the dynamic shape factor describing the aerosol as integral parameter can be 
determined.   
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